Most scientists are familiar with the basic tenet of evolutionary biology "mutation proposes, selection disposes," where random variation generated by mutation is thought to provide the fuel for natural selection to direct evolutionary change. If this is truly a basic tenet, then why have prominent evolutionary biologists expressed concern about the relative importance given to variation or selection in the evolutionary process? For example, West-Eberhard states "There is prejudice against variation that is non-adaptive in studies of adaptive evolution, against variation that is non-genetic in studies of genetics, and against virtually all variation in studies of the genome in the worm, (Caenorhabditis elegans), the fly (Drosophila), and the frog (Xenopus)." (ref. 1, p. 205). In contrast, Bell (ref. 2, p. xix) states "A further weakness is that when selection is described, it is often treated as one of several possible mechanisms of evolution. . . This is surely unjustifiable."
Their concern is about which of these two determines the rate and direction of evolutionary change (3-5); in other words, who's in the evolutionary driver's seat: variation or selection? By studying the developmental mechanisms underlying evolution of sex combs in the fruit fly Drosophila melanogaster, in PNAS, Malagón et al. provide new insight on this debate (6) .
According to Gould (4) , this debate has a long history that precedes Darwin's Origin of Species, occurring between biologists who argue that natural selection is the creative force controlling both the rate and direction of evolution (functionalists) vs. those who argue that it is variation that controls them (structuralists). Variation in the eyes of the functionalist is small, continuous, copious, and random with respect to the environment, allowing natural selection to gradually mold phenotypes to a functional optimum as required by the environment. Functionalists acknowledge that limited genetic variation may slow the rate of natural selection, but this does not influence its ability to direct evolution. In contrast, variation in the eyes of the structuralist is discontinuous, structured and nonrandom and dictates the rate and direction of evolution. An example of extreme structuralist arguments denying selection any role for the origin of new species is Hugo de Vries' "mutation theory" in 1903, which argues that new species arise in a single mutational step: a saltational jump to a fully functional and novel phenotype (7) . Such extreme arguments, however, have largely been discredited.
Developmental constraint is a moderate version of structuralism that has been influential in modern evolutionary thought (8, 9) . A developmental constraint is most often defined as "a bias on the production of variant phenotypes or a limitation on phenotypic variability caused by the structure, character, composition, or dynamics of the developmental system" (10). It can have positive (can bias variation) or negative (can limit variation) effects on evolutionary change. The relative contribution of developmental constraint and selection in determining the rate and direction of evolution has largely been a matter of philosophical debate (4, 9) . However, with the emergence of Ecological Evolutionary Developmental Biology (EcoEvo-Devo), we are now in a position to experimentally address this question (5, 11) . Eco-Evo-Devo studies on butterfly eyespots (11), plate armor on three-spine stickleback fish (12) , supersoldier ants (13), pigmentation in mice (14) , male antennae in water striders (15) , and now sex combs in flies (6) , highlight the inextricable interplay between developmental constraints and selection during evolution.
In flies, multiple rows of bristles form on the legs. In some species, including D. melanogaster, some of these bristles have evolved in males to form sex combs, which are rows of thickened, pigmented bristles found on the distal parts of the forelegs (16) . Sex combs mostly facilitate grasping of females by males during mating. Absence of sex combs results in reduction in the frequency of male mating success (17) . Sex combs have evolved multiple times within Drosophilid flies, where extensive differences occur in the orientation of sex combs, the number of teeth, the degree of modification of the teeth, and their exact function among closely related species (16) .
During development, transversely oriented rows of precursor cells give rise to both transverse rows of adult bristles and longitudinally oriented sex combs (Fig. 1) . To accomplish this, the precursors that give rise to the sex combs undergo a 90°rotation. To allow room for this rotation the distal most transverse row is bent upward, implying the existence of a physical constraint of space between the sex combs and the transverse rows (18). Malagón et al. (6) use artificial selection, mutant analysis, and species comparisons to study the role of this space constraint in the evolution of sex combs. In D. melanogaster, they show that sex combs with small to moderate number of teeth are straight, whereas long sex combs are bent in the shape of a cane. They propose that this cane shape arises because rotation of the developing sex combs is obstructed by the developing transverse row. This suggests that there is a developmental constraint due to a conflict for space. Malagón et al. (6) then compare experimental observations in D. melanogaster to evolved differences in sex comb development in other species. Drosophila guanche, a species with long sex combs, exhibits bending or a break in sex combs, suggesting that this space conflict exists in nature (6) . However, several other species have long sex combs that are straight implying that these species have apparently overcome the space conflict through the evolution of different developmental strategies: fewer bristles in the distal transverse row, fewer transverse rows, formation of longitudinal precursors, lesser space between transverse rows, rotating multiple transverse rows, or a longer tarsus (Fig.  1) . Malagón et al. conclude that the interplay between developmental constraints and selection explains the evolution of different shapes and sizes of Drosophila sex combs (6) .
While assessing the relative contributions of developmental constraint and selection, we often conflate its positive and negative effects and fail to consider multiple levels of biological organization (genes, cells, and phenotypes). For these reasons, Malagón et al. have yet to fully realize the grander implications of their study. There is an implicit assumption that the spatial conflict, embodied by the cane shape, confers lower fitness to males. If this was the case, the cane shape would limit the evolution of longer sex combs. Alternatively, if cane-shaped sex combs confers higher or no difference in fitness to males, then they may only represent an intermediate step toward evolving longer sex combs, and selection may well be on its way to resolving the space conflict. This alternative possibility is supported by the fact that there exist multiple solutions for resolving the space conflict, suggesting that selection had little difficulty in finding multiple solutions for evolving longer sex combs. Therefore, there may be no real negative effect of developmental constraint. However, when the phylogenetic history of the group, as well as the genes shown to be associated with the evolution of sex combs are incorporated into this story, Malagón et al.'s results can be interpreted as evidence for a positive developmental constraint (also called developmental bias).
Expression of the Hox gene Sex combs reduced and the sex-specific gene doublesex is strongly correlated to the presence and size of sex combs (16) . This suggests a positive developmental constraint: the independent evolution of long sex combs is facilitated through the repeated use of these same genes. However, independent evolution of long sex combs has occurred through different cellular mechanisms in different species (18) . This is strikingly similar to Khila et al. (19) , where semiaquatic insects have independently evolved a novel leg length plan using the same gene ultrabithorax. In an analogous fashion, ultrabithorax has targeted different leg segments in different species. Therefore, in both cases, independent evolution of morphological traits occurs through the same gene(s), but uses different tissues and cells. This pattern may be driven by the functional specialization of both legs and sex combs in different species (19) and may reflect a general pattern in the interplay between developmental constraint and selection. The modular nature of tissues and cells may facilitate the ability of conserved developmental genes to use different combinations of cells and tissues (a process known as developmental recombination) (1) in different species to achieve functional specialization. Selection would be influenced by ancestral variation generated by conserved developmental genes, but at the same time, it could rapidly create multiple developmental solutions at the cell and tissue level to similar ecological challenges. Testing these ideas means there is much exciting work ahead in the field of EcoEvo-Devo.
